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Abstract 
Membrane currents of src-transformed NIH3T3 mouse fibroblasts were analyzed in comparison with their non-transformed 
counterparts u ing the patch-clamp technique. Normal NIH3T3 cells exhibit wo types of Ca 2+ currents and a membrane current of ohmic 
behaviour (current amplitude 135 pA at +30 mV) that can partially be blocked by Cd 2+. Src-transformed NIH3T3 cells show an 
additional membrane current hat becomes activated after the establishment of the whole-cell configuration with a maximum amplitude of 
1040 pA at +30 mV within 30-60 s. This current hen inactivates irreversibly within 5-10 min. The additional current is highly 
K+-selective and Ca2+-dependent but voltage-independent. It can be blocked by charybdotoxin (IC5o = 20 nM) and by internal 
tetraethylammonium (TEA; 1(:'5o = 2.9 mM), but it is not sensitive to external TEA (up to 30 mM). Single-channel analysis revealed only 
one K + channel type with a conductance of 37 pS at negative potentials and 18 pS at positive potentials (in symmetrical 145 mM K ÷ 
solutions), a voltage-independent open-state probability of 0.6 and the same pharmacological properties as the macroscopic Kca current. 
The properties of the Kca current and the underlying channels of src-transformed NIH3T3 cells are identical to those observed in 
ras-transformed NIH3T3 cells. In contrast, src- or ras-transformation affects differently the voltage-dependent, transient (T-type) Ca 2 ÷ 
current. While ras-transformation f NIH3T3 cells suppresses their T-type Ca 2÷ current, this current remains unchanged in src-trans- 
formed NIH3T3 cells. 
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1. Introduction 
Fibroblast cell lines are commonly used for the study of 
cellular transformation and there is evidence for altered 
properties of Ca 2+ channels [1-3] and of K ÷ channels 
[4-7] in transformed cells. Recently, we reported that 
Ca2+-activated K ÷ (Kca) channels in chicken embryo 
fibroblasts (CEFs) are modulated by the action of the src 
oncogene product pp60 ..... . Differences compared to nor- 
mal CEFs were found in their Ca 2+ dependence, their 
activation and inactivation behaviour, and their sensitivity 
to charybdotoxin [8,9]. 
In contrast o CEFs, normal mouse fibroblasts possess 
no K ÷ outward current but contain T-type and L-type 
Ca 2+ channels which carry the only voltage- and time-de- 
pendent inward currents in these cells [1,10]. After ras- 
transformation, however, a voltage-independent Kca cur- 
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rent was observed in various mouse fibroblast cell lines 
[4,6,7], whereas their T-type Ca 2÷ current was suppressed 
[1]. We now addressed the question of whether alterations 
in membrane current properties also occur after src-trans- 
formation of NIH3T3 mouse fibroblasts. Since it is known 
that pp60 v~rc requires cellular p21 ras to exert its transform- 
ing activity [11-14], one might expect hat src-transforma- 
tion of mouse fibroblasts leads to the same alterations in 
current properties as observed in ras-transformed cells. 
Our results show that this is indeed true for the activation 
of a Kca current. The T-type Ca 2+ current, however, was 
not suppressed in src-transformed NIH3T3 cells. 
2. Materials and methods 
Cell culture. Normal NIH3T3 mouse fibroblasts and 
NIH3T3 mouse fibroblasts tably transfected with the src- 
oncogene of Rous sarcoma virus strain Schmidt-Ruppin D 
(line D17) were kindly provided by Dr. T. Tamura (Uni- 
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versity of Giessen, Germany). Ras-transformed NIH3T3 
fibroblasts obtained by infecting normal NIH3T3 fibro- 
blasts with a retroviral stock from v-Ha-ras-transfected 
psi-2 cells were kindly provided by Dr. H. Maruta (Ludwig 
Institute for Cancer Research, Melbourne, Australia). Cells 
were maintained in a humidified, 5% CO2/95% air atmo- 
sphere in Dulbecco's modified Eagle's medium containing 
5% fetal calf serum, 2 mM L-glutamine and antibiotics. 
After confluence, cultures were trypsinized and cells were 
plated at a density of 2 × 105 cells per 35-mm dish and 
further incubated for 12-24 h prior to patch-clamp record- 
ing. 
Current recording. For optimal patch-clamp conditions, 
normal and sre- or ras-transformed NIH3T3 fibroblasts 
were made to assume a round shape by incubation for 1 
min with 0.25 mg/ml  trypsin in Ca2+-free bath solution 
and subsequent washing with bath solution. The recordings 
were made between 15 min and 2 h after the trypsin 
treatment. As a control, some cells of each cell type were 
investigated without prior trypsin treatment; in this case, 
the same membrane current properties were observed as in 
trypsin-treated cells. Recording pipettes were pulled from 
borosilicate glass capillaries (Hilgenberg, Malsfeld, Ger- 
many) with an outer diameter of 1.5 mm and a wall 
thickness of 0.3 mm. After fire polishing, they had a 
resistance of 5-10 M g2 when filled with pipette solution. 
Initial seal resistances were approximately 25 GO. In 
nystatin-perforated patch experiments, electrical access to 
the cells was monitored by an increase in the transient 
capacitive currents elicited by 20 mV hyperpolarizing 
pulses (10 ms) at -50  mV pipette potential after cell-at- 
tached gigaseal-formation. Within l0 min a constant ac- 
cess resistance was reached, facilitating stable whole-cell 
recording. Whole-cell and single-channel currents [15] were 
recorded by using an EPC-7 patch-clamp amplifier (List 
Electronics, Darmstadt, Germany). Currents were filtered 
at 3 or 0.4 kHz and digitized at 10 or 1 kHz, respectively. 
Data acquisition and off-line analysis were performed with 
an Atari computer Mega ST4 with M2LAB Atari Data 
software (Instrutech, Elmont, NY, USA). The data were 
corrected for the liquid-junction potential between the 
pipette and bath solutions, which was -10  mV for the 
standard K + glutamate internal solution. Data are ex- 
pressed as means _+ standard eviation (S.D.) unless other- 
wise stated. Measurements were performed at 20-22°C. 
Solutions and drugs. The bath solution contained (in 
mM) 140 NaCI, 3 KCI, 2 MgCI 2, 2 CaC12, 10 glucose, 10 
HEPES (N-2-hydroxyethyl-piperazine-N'-2-ethanesulfonic 
acid, adjusted to pH 7.4 with NaOH). The pipette solution 
consisted of (in raM) 140 K + glutamate, 20 NaC1, 2 
MgCI 2, l0 HEPES (adjusted to pH 7.3 with KOH) and 5 
mM EGTA (ethylene glycol-bis(/3-aminoethyl ether) 
N,N,N',N' tetraacetic acid). The total Ca 2+ concentration 
was 4.5, 2.5, 0.45 or 0.05 mM and the free intracellular 
Ca 2+ concentration ([Ca2+]i) was 10 -6, l0 -7, 10 -8 or 
10 9 M, respectively, as calculated assuming an apparent 
dissociation constant K d of 0.15 /xM (pH 7.3) for the 
CaZ+-EGTA complex. For [Ca2+]i of 10 -4 M no chelator 
was used. In whole-cell recordings in which we vganted no 
free calcium, we used the Ca2+-chelator BAPTA (1,2- 
bis(2-aminophenoxy)ethane N,N,N',N' tetraacetic acid; 5 
mM) instead of EGTA. All solutions were filtered with 0.2 
/zm pore size filters (Schleicher and Schuell, Dassel, Ger- 
many). Charybdotoxin from the venom of the scorpion 
Leiurus quinquestriatus hebraeus was purchased from La- 
toxan (Rosans, France). Synthetic iberiotoxin was obtained 
from Bachem (Heidelberg, Germany). Dendrotoxin was 
purified from the venom of the snake Dendroaspis angus- 
ticeps as described [16]. The bee venom component apamin 
was obtained from E. Habermann (our institute). Toxins 
were added to the bath solution which contained 0.5 
mg/ml  bovine serum albumin to prevent unspecific bind- 
ing of the toxins to cell membranes and the surface of the 
dish. For perforated patch recordings [17,18], a stock 
solution of nystatin in dimethyl sulfoxide (50 mg/ml)  was 
prepared aily and then stepwise diluted in filtered pipette 
solution to a final concentration of 150 /xg/ml. After 
sonication for 30 s, this solution was used for back-filling 
the pipettes. The calcium ionophore A23187 was prepared 
by dilution from a frozen stock solution (3 mM) and was 
applied at a final concentration of 0.3 #M. 
3. Results 
3.1. Membrane currents of normal and of src-transformed 
NIH3T3 cells 
Depolarization of normal NIH3T3 cells to membrane 
potentials more positive than -50  mV evokes a transient 
(T-type) Ca 2+ current ([1], see also Fig. 6C). After its 
inactivation, a membrane current with an amplitude of 
135 _+ 65 pA (n = 11) at +30 mV can be recorded (Fig. 
I A and 6A). This current does not inactivate and is 
independent of the intracellular Ca 2+ concentration. It is 
not sensitive to tetraethylammonium (TEA, 30 mM) but 
can be blocked by 1 mM external Cd 2+ to about one-third 
of its initial value. The current-voltage ( I -V) relationship 
of the CdZ+-sensitive component is shown in Fig. 2. It 
exhibits no voltage dependence and the reversal potential 
is -45  _+ 7 mV (n = 5). This conductance is responsible 
for the resting membrane potential of normal NIH3T3 
cells, which was -37___ 9 mV (n = 7). Application of 
Cd 2+ (1 mM) profoundly reduced it to -17_+ 8 mV 
(n = 5). 
Differences in the membrane currents of normal and 
src-transformed NIH3T3 fibroblasts, however, became ob- 
vious during prolonged membrane depolarization to + 30 
mV (Fig. 1A,B). Src-transformed NIH3T3 cells exhibit an 
additional current that increases within the first minute 
after establishing the whole-cell recording mode to a maxi- 
mal value of 1040_+ 380 pA (n = 12). The additional 
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Fig. 1. Time course of whole-cell currents of normal (A) and src-trans- 
formed (B, C) NIH3T3 fibroblasls in the presence of 1 /xM free [Ca 2+ ]i 
(A, B) or 10 nM free [Ca 2+ ]i (C) in the pipette solution during prolonged 
depolarization to +30 mV. Upper trace shows the voltage protocol. 
Whole-cell recording was established atthe time indicated by arrows. 
current hen disappeared completely within 5-10 min (Fig. 
1B) and could not be reactivated by prolonged hyperpolar- 
ization. The remaining current has properties identical to 
those observed in normal NIH3T3 cells. The I -V  relation- 
ship of the additional membrane current of the src-trans- 
formed NIH3T3 cells was, determined 1 min after estab- 
lishing the whole-cell recording configuration at the time 
when the additional current was maximally activated. The 
linearity of the I -V  relationship indicates that the addi- 
tional current is voltage-independent (Fig. 2). The reversal 
potential of this current was - 86 -4- 9 mV (n = 16), close 
to the potassium equilibrium potential, which was -98  
mV for our standard solutions. Using the Goldman-Hodg- 
kin-Katz equation, we calculated a permeability ratio 
PK/PNa of 80. This indicates that the additional current of 
the src-transformed NIH3T3 cells is highly selective for 
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Fig. 2. Whole-cell current-voltage r lationships of normal and src-trans- 
formed NIH3T3 fibroblasts in the presence of 1 /xM free [Ca 2+ ]i 
determined 1 min after establishing the whole-cell recording mode. 
Current amplitudes were measured at the end of voltage steps lasting 200 
ms. The holding potential was -90  mV. Normal NIH3T3: membrane 
current after subtraction of the Cd2+-insensitive component. Src-trans- 
formed NIH3T3: membrane current after subtraction of the non-inactivat- 
ing component. The lines represent linear regression fits to the data. 
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Fig. 3. Dependence of the K + current on free [Ca 2+ ]i in src-transformed 
NIH3T3 fibroblasts. The amplitudes of the membrane currents were 
determined at +30 mV membrane potential when the currents were 
maximally activated and again after their complete inactivation. The 
difference was taken as K + current, I. The internal solutions were 
buffered with 5 mM EGTA to various [Ca 2÷ ]i (see Section 2). Each data 
point is the average from 4-6 cells and S.D. is indicated by bars unless 
smaller than symbols. The curve was fitted to the data using the equation 
I/Ima , = 1/[(1 +(ECs0/c)"] where I is the K + current amplitude, Ima x 
the maximal K + current amplitude and c the free intracellular Ca ~-+ 
concentration. The best fit was obtained with a Hill coefficient n = I.l 
and an ECso value of 281 nM for activation by intracellular Ca 2+. 
potassium ions. The activation of this K + current is ac- 
companied by a shift of the resting membrane potential 
from -35___ 7 mV (n = 18) to -78  + 6 (n = 23) when 
the current is maximally activated. 
3.2. Ca 2 + dependence of the K + current 
The dependence of the K + current of src-transformed 
NIH3T3 cells on [Ca2+]i is shown in Fig. 3. An ECs0 
value of 281 ___ 19 nM (n = 6) for free [Ca2+]i was deter- 
mined for the activation of the underlying K ÷ channels. 
The time to reach the peak value of the K ÷ current 
amplitude after the establishment of the whole-cell record- 
ing configuration, as well as the time course of the disap- 
pearance of the current (see Fig. 1B), depends trongly on 
free [Ca e÷ ]i. This was determined by decreasing [Ca 2÷ ]i 
from 1 /zM to 100 nM, which led to about 3-fold slower 
activation and inactivation of the K ÷ current. With 10 nM 
free Ca 2+ in the pipette solution, no K ÷ current was 
recorded (Fig. 1C). 
One might assume that the disappearance of the K ÷ 
current is a consequence of the access to the cytoplasm by 
the whole-cell recording configuration. In this recording 
mode, a loss into the pipette solution of cytosolic factors 
necessary for continuous channel activation may occur. To 
solve this problem, we used the nystatin-perforated patch 
recording technique [17,18], which leads to electrical ac- 
cess to the cell without washing out cytosolic factors. 
Under this condition, no K ÷ current was recorded in the 
src-transformed NIH3T3 fibroblasts (Fig. 4). This suggests 
that the free [Ca 2+]i in these cells is below 30 nM and 
therefore not sufficient to activate the Kca current.  Since 
nystatin pores are impermeable to divalent cations [19], we 
used the calcium ionophore A23187 to increase the [Ca 2÷ ]~ 
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Fig. 4. Nystatin-perforated patch recording of a src-transformed NIH3T3 
fibroblast. The holding potential was -90  mV and test pulses to +30 
mV of 30 s duration were applied to the cell (for pulse protocol see Fig. 
1). The calcium ionophore A23187 (300 nM) was applied to the bath 
solution (indicated by arrow) to elevate free [Ca 2+ ]i. 
to higher levels. After establishing a nystatin-perforated 
patch recording, we applied 300 nM A23187 to the bath 
solution (Fig. 4). With a delay of about 30 s, a K + current 
was elicited with the same amplitude as that observed in 
the presence of 1 /xM [Ca2+]i in standard whole-cell 
recordings. In the next few minutes, however, a complete 
disappearance of the current occurred despite the perfo- 
rated patch recording conditions. This indicates that the 
disappearance is not due to washout effects of cytosolic 
factors during normal whole-cell recording of src-trans- 
formed NIH3T3 cells. 
3.3. Pharmacology of the K ÷ current 
TEA (30 mM) was without any effect on the K ÷ 
current of the src-transformed NIH3T3 cells when added 
to the bath solution. If, however, the intracellular side of 
the membrane was exposed to TEA applied through the 
pipette solution, the K ÷ current was blocked with an IC50 
value of 2.9 ___ 1.7 mM (n = 6). We also investigated the 
effects of different peptide toxins that have proven to be 
specific blockers of distinct K ÷ channel types [20]. At 
concentrations of up to 1 /zM, apamin, iberiotoxin, and 
dendrotoxin failed to block the K ÷ current. The K ÷ 
current of the src-transformed cells, however, was sensi- 
tive to charybdotoxin with an IC50 value for current block- 
ade of 20 + 4 nM (n = 6). 
3.4. Single-channel analysis 
To characterize the ion channels that underlie the addi- 
tional K ÷ current in src-transformed NIH3T3 fibroblasts, 
we performed recordings from excised membrane patches. 
Single-channel analysis revealed only two types of ion 
channels. One type was observed with a frequency of 0.3 
channels per membrane patch. It was independent of the 
intracellular Ca 2÷ concentration, possessed a single-chan- 
nel conductance of 11 pS, and exhibited a very low 
open-state probability of less than 0.1 in the membrane 
potential range of -100  mV to + 60 mV. We did not 
study this ion channel in detail. 
Typical recordings of the other ion channel type are 
shown in Fig. 5A. Current-voltage r lationships of this ion 
channel in physiological as well as symmetrical K ÷ solu- 
tion are illustrated in Fig. 5B. In physiological solution, the 
single-channel conductance was 30 pS at potentials be- 
tween -100  mV and -60  mV, and 0 pS at positive 
potentials. This rectification was also found using symmet- 
rical high [K +] solution (145 mM), with a single-channel 
conductance of 37 pS at - 100 to -60  mV and 18 pS at 
+20to  +60mV.  
The open-state probability was 0.6 over the entire volt- 
age range from - 100 mV to + 60 mV, suggesting little if 
any voltage dependence (Fig. 5A). In physiological solu- 
tion, the reversal potential of the single-channel current 
was -83  __+ 5 mV (n = 5), close to the potassium equilib- 
rium potential of -98  mV. From the reversal potential, a 
permeability ratio PK/PNa of 70 was calculated, indicating 
that this ion channel is highly selective for potassium ions. 
The dependence of the K ÷ channel activity on free 
[Ca2+]i was studied with inside-out membrane patches. 
With 5 mM EGTA and no added calcium in the intra- 
cellular solution, no channel activity was recorded. Raising 
the f ree [Ca2+]i  to 100 nM or 1 /zM increased the open- 
state probability to 0.1 and 0.6, respectively. From these 
data, an ECs0 value of about 250 nM for half-maximal K ÷ 
channel activation by Ca 2+ can be estimated, which is in 
agreement with the value obtained from the macroscopic 
K + current recordings. At 1 /zM f ree [Ca2+]i , K + channel 
activity was observed for only 5-10 min. This correlates 
with the time course of the whole-cell currents (see Fig. 
1B). The pharmacology of the K ÷ channel was identical to 
that of the K ÷ current; i.e., it was not TEA-sensitive (up to 
30 mM external) but was completely blocked by 300 nM 
A +60 mv --O 
-60 mV 
- -O  
50 ms 
B 
v 
1 
.~ -4- 
• " -~o  ~ . . . . .  4'o " 3 '0  
membrane potential (mV) 
Fig. 5. (A) Representative single-channel currents recorded from outside- 
out membrane patches of src-transformed NIH3T3 fibroblasts at -60  
and +60 mV membrane potential in symmetrical 145 mM K + solutions. 
(B) Current-voltage r lationships of single ion channels from outside-out 
membrane patches determined in symmetrical 145 mM K+-glutamate 
solutions (circles) and with a bath solution containing 3 mM K÷-gluta - 
mate (squares). Free [Ca 2+ ]i was 1 /xM. c = closed, o = open. 
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charybdotoxin. Considering that this Kca channel pos- 
sesses all properties of the macroscopic K + current and 
that no other K ÷ channel type was found in src-trans- 
formed NIH3T3 fibroblasts, we assume that it is the sole 
contributor to the macroscopic K ÷ current of these cells. 
3.5. K ÷ channel density 
Of the 96 excised membrane patches we investigated, 
87 contained active K + channels with a mean number of 
2.4 channels per membrane patch. From the success rate of 
finding K ÷ channels in the membrane patches, assuming a
patch area of 4 /xm 2 aod taking into account a mean cell 
diameter of 22 /zm, we ca]culated that there are 870 active 
channels per src-transformed NIH3T3 cell. This value is in 
good agreement with that obtained by comparing whole-cell 
and single-channel currents with a method first described 
by Maruyama et al. [21]: a single-channel current ampli- 
tude of 1.6 pA and the open-state probability of 0.6 at the 
test potential of + 30 mV leads to the estimation that about 
1000 channels per src-transformed NIH3T3 cell are needed 
to create the macroscopic K + current. 
3.6. Membrane currents in ras-transformed NIH3T3 cells 
Convincing data have been presented that pp60 v-~c 
requires the small GTP-binding protein p21 ra~ to exert its 
transforming activity and that cellular p21 ras is located 
downstream of pp60 ..... in the transformation process 
[11-14]; therefore, we con)pared the membrane currents in 
ras-transformed NIH3T3 cells with those observed in src- 
transformed NIH3T3 cell,;. Upon depolarization to + 30 
mV, an outward current with a peak amplitude of 1509 ___ 
203 (n = 8) became activated within the first minute after 
establishment of the whole-cell recording configuration 
(Fig. 6A). This current was not sensitive to external TEA 
normal NIH3T3 src-transformed NIH3T3 ras.transfom~ed NIH3T3 
"t- 
B~ _L-.- ,oom. - I  
)- ~- r 
Fig. 6. Membrane currents of normal (left), src-transformed (middle), or 
ras-transformed (right) NIH3T3 fibroblasts 1 min (A) or 10 min (B) after 
the onset of the whole-cell recording. Currents were elicited by 400 ms 
depolarizing voltage steps to + 30 mV from a holding potential of -90  
mV in the presence of 1 /.~M free [Ca 2+ ]i. (C) T-type Ca 2+ currents 
elicited by pulses from -90  mV to -30  mV using Ca2÷-free pipette 
solution (buffered with 5 mM BAPTA) and a bath solution with 2 mM 
Ca 2+. Note the different scale in (C). 
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Fig. 7. Whole-cell current-voltage r lationships of the T-type Ca 2+ 
currents of normal, src-transformed, or ras-transformed NIH3T3 cells 
(see Fig. 6) determined 10 min after establishing the whole-cell recording 
mode, i.e., when the Kca current had completely disappeared. The Ca 2+ 
currents were elicited by voltage steps of 100 ms duration from a holding 
potential of - 90 mV to test potentials ranging from - 80 to + 80 mV. A 
Ca2+-free pipette solution buffered with 5 mM BAPTA was used. Each 
I -V relationship represents he means of results from 4 different cells. 
(up to 30 mM) but was blocked by charybdotoxin with an 
IC50 value of 25 _ 6 nM (n = 6). Apamin, iberiotoxin, and 
dendrotoxin had no effect at concentrations up to 1 /zM. 
The current was half-maximally activated in the presence 
of 263 + 18 nM (n = 7) free [Ca2+]i . Ten minutes after its 
activation, the current had completely disappeared (Fig. 
6B), and the remaining membrane current showed the 
same properties as in normal NIH3T3 cells. In summary, 
the Kca current in ras-transformed NIH3T3 cells has 
features that are identical to those of src-transformed 
NIH3T3 cells. 
3.7. Ca e + currents in src-transformed NIH3T3 cells 
As already described by Chen et al. [ 1 ], ras-transformed 
NIH3T3 cells lack a T-type Ca 2÷ current hat is present in 
their non-transformed counterparts (Fig. 6C). In this re- 
spect, src-transformed NIH3T3 cells are quite different 
from ras-transformed NIH3T3 cells in so far as the T-type 
Ca 2+ current is still present (Fig. 6C). This T-type Ca 2+ 
current showed the same I -V  relationship as in normal 
NIH3T3 cells (Fig. 7), and it was completely blocked by 2 
/xM verapamil. 
4. Discussion 
The present study shows that src-transformed NIH3T3 
mouse fibroblasts exhibit a Kca current that is absent in 
their non-transformed counterparts. This Kca  cur rent  is 
voltage-independent a d can be blocked by charybdotoxin 
and by intracellular TEA but not by TEA applied from the 
extracellular face of the membrane. Single-channel analy- 
sis revealed only one  Kca  channel type with a conductance 
of 37 pS at negative potentials and 18 pS at positive 
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potentials (in symmetrical 145 mM K + solutions). This 
Kca channel exhibits an open-state probability of 0.6 at 
membrane potentials between -100  mV and +60 mV 
and has pharmacological properties that are identical to 
those of the macroscopic current. The mean density of this 
channel type is 870 active channels per cell, as estimated 
from the success rate of finding channels in excised patches. 
This number is sufficient to create the macroscopic K + 
current. However, we have as yet no explanation for the 
observed iscrepancy between the linear I -V  curve of the 
macroscopic K + current and the inward rectification prop- 
erty of this Kca channel. 
One characteristic feature of the Kca current and the 
underlying channel is the irreversible disappearance within 
5-10 min after activation. As we demonstrated with nys- 
tatin-perforated patch recordings, it is not due to washout 
of cytosolic components that might be necessary for con- 
tinuous channel activity. It may be that a prolonged in- 
crease in [Ca R+ ]i above the physiological level is involved 
in this inactivation process, since variations in the intra- 
cellular Ca 2+ concentration affected the time course of the 
disappearance. The normal intracellular Ca 2+ concentra- 
tion in src-transformed NIH3T3 cells is not sufficient to 
activate the Kc~ channels. This can be concluded from the 
data of the nystatin-perforated patch experiments and our 
finding that in the cell-attached recording mode, single- 
channel activity was recorded only very rarely with a very 
low open-state probability. Kc, channel activation, how- 
ever, may occur due to an increase in [Ca 2+ ]i by receptor- 
stimulated Ca 2+ influx through Ca 2+ channels or via 
release from intracellular Ca 2+ stores. 
A transformation-associated induction of a Kc~ current 
has been demonstrated recently in ras-transformed NIH3T3 
cells [7] and in previous reports in ras-transformed 
C3HIOT I /2  and Balb/c3T3 cells. [4,6]. The properties of 
this Kc~ current and the underlying Kca channels have 
been described in detail for the two latter cell lines and are 
very similar to those we observed in src-transformed 
NIH3T3 cells, including the pronounced inward rectifica- 
tion of the Kca channels [6]. It should be noted, however, 
that these authors showed a sensitivity of the Kca current 
to extracellular TEA application, which we did not find 
either in the src-transformed or in the ras-transformed 
NIH3T3 cells we investigated. 
A critical question still remaining is whether signaling 
by pp60 ...... in src-transformed or by p21 r~ in ras-trans- 
formed NIH3T3 fibroblasts leads to new Kc~ channel 
expression or whether it activates existing Kc, channels 
that are 'silent' in normal 3T3 cells. Data supporting the 
latter idea come from Lovisolo et al. [22], who reported 
that a Ca2+-activated potassium current that was voltage- 
independent and sensitive to nanomolar concentrations of
charybdotoxin becomes activated in serum-starved Balb/c 
3T3 fibroblasts after stimulation with 10% fetal calf serum. 
The same group showed that EGF stimulation of mouse 
3T3 fibroblasts overexpressing the EGF receptor led to the 
immediate activation of a Kca current with identical prop- 
erties [23]. On the other hand, a Kfa current was also 
activated in serum-starved normal NIH3T3 cells by EGF 
that was not observed in the presence of the protein 
biosynthesis inhibitor cycloheximide. This implies that 
synthesis of new Kca channels or, at least, of signaling 
proteins necessary to activate the existing channels, is 
required [7]. These data show that potassium channels are 
modulated by the action of growth factors as well as 
oncogene products uggesting that they are involved in cell 
cycle control. 
As it is known that cellular p21 ras is an essential 
signaling component for pp60 v~rc to exert its transforming 
activity and that cellular p21 ra~ is located downstream of 
pp60 v-~r~ in the transformation process [11-14], one might 
assume that identical alterations in membrane current prop- 
erties exist in src- or ras-transformed NIH3T3 cells. This 
is not the case. While src -or  ras-transformation of 
NIH3T3 cells shows identical effects with respect o the 
induction and properties of a Kca current, the effects on 
the T-type Ca 2-- current are totally different. As previously 
shown by Chen et al. [1], ras-transformation of NIH3T3 
cells suppresses a high-threshold T-type Ca 2÷ current. 
This Ca 2+ current, however, is still present in src-trans- 
formed NIH3T3 cells. Concerning the physiological rele- 
vance, the absence or presence of the T-type Ca 2÷ current 
was not associated with any obvious functional difference 
between these cell types. From our data we suggest hat 
the upstream location of pp60 v~rc in relation to cellular 
p21 ra~ necessary for the transformation process does not 
apply to the signaling cascade(s) leading to modulation of 
ion channel properties. 
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